ANY attempts to measure volumes of various intracranial components based on CT scanning and/or MR imaging have been reported. It is sometimes difficult to assess the proportion of intracranial CSF space in the total ICV because of imaging artifacts and because of the difficulty encountered in determining a normal value by statistical significance when there is an insufficient number of healthy volunteers. In this study, we determined the normal range of intracranial CSF percentages throughout a whole generation (grouped by decade) and established a standard curve for the proportion of intracranial CSF space. This curve, processed with the accumulated data, will be useful in the study of pathological conditions such as cerebrovascular disease, hydrocephalus, subdural effusion, and dementia.
loss of consciousness, or dizziness. Another 53 patients (16.7%) were asymptomatic and underwent CT scanning as part of an extensive examination. The distribution of patient population by age and sex is given in Table 2 .
Validation Measures
In CT scanning, volume calculations can be performed using the following three parameters of acquired images: the CT number range, the pixel size, and the image slice thickness. Assuming a total head field of view of 240 mm 2 and a matrix size of 512 ϫ 512 for image reconstruction, the width of one pixel is approximately 0.47 mm (240/512 = 0.46875) and the area of the pixel is approximately 0.002 cm 2 (0.047 ϫ 0.047 = 0.0022). In a given slice plane, if the area corresponding to a CT number range of 23 to 100 HU contains 14,400 (120 ϫ 120) pixels and the slice thickness is 5 mm, the volume can be calculated to be 15.9 cm 3 (0.047 ϫ 0.047 ϫ 14,400 ϫ 0.5 = 15.9048). The calculated volumes in contiguous slices are then summed to obtain the total volume of the target structure.
Methodological Procedures
Volume measurement software (X link50; Toshiba Corp., Tokyo, Japan) with preset threshold values was used to perform the following calculations automatically and thus to determine the proportion of the intracranial CSF space.
1) Intracranial Volume Calculation. The software identifies areas associated with CT numbers of 200 HU or higher, such as cranial bones, and the volume of the region enclosed by the cranial bones is calculated.
2) Calculation of CPV. The volume of regions in which CT numbers correspond to cerebral parenchyma within the ICV, determined as described earlier, is calculated. The default CT number range is 23 to 100 HU.
3) Calculation of the Percentage of Intracranial CSF Space. The following formula was used to calculate this percentage: percentage of intracranial CSF = (ICV Ϫ CPV)/ICV ϫ 100%.
By ensuring high reproducibility of the scan planes at the time of examination and using preset CT numbers (threshold values), it is possible to perform accurate quantitative analysis that is not dependent on the user's subjective judgment.
In the present study, by using 11 or 12 sequential images from the orbitomeatal line up to the vertex, which were obtained with a slice thickness of 5 mm in subtentorial regions and a slice thickness of 10 mm in supratentorial regions, continuous data selected in the axial direction were extracted (Fig. 1) . The CT threshold of the cerebral parenchyma was set between 25 and 75 HU. Volumes were measured and processed using volume-measurement software. Both the ICV and CPV were obtained, and the CSF volume ratio was then calculated using the following formula: percentage of intracranial CSF = (ICV Ϫ CPV)/ICV ϫ 100%.
Statistical Analysis
All measurement data were stored on personal computers. The results are presented as mean percentages Ϯ SEMs. Statistical analysis was performed with the aid of commercially available statistical software (Statview version 5.0; SAS Institute, Cary, NC). The accumulated statistical data and the number of patients in each decade are shown in Table 3 .
Statistical analysis among groups was performed using multiple comparisons with the Bonferroni test. A probability value lower than 0.0014 was considered significant.
Results
The mean Ϯ SEM percentages of intracranial CSF for each decade-first to ninth, respectively-were 7. intracranial CSF among men was higher than that among women in the sixth through eighth decades, although these data bear no statistical significance.
Discussion
Although there have been some reported studies in which intracranial and intraparenchymal volumes were measured using CT and/or MR imaging, 3, 4, 6, 8 there have been few reports in which proportions of intracranial CSF space have been determined throughout a whole generation in a large population. In the present study, we have reported age-related changes in the proportion of intracranial CSF space as a percentage over a whole generation. We did this by stratifying by age in decades a large population evaluated by volumetric CT scanning in a consistent fashion. As we expected, the percentage of intracranial CSF gradually increased with age except for the first decade.
Matsumae and colleagues 11 have proposed that CT scanning offers a procedure to study brain structure and ventricular architecture in vivo that is much less invasive than other methods, and many reports on the use of CT scanning in measuring ventricular volume have been published. Matsumae and colleagues have also stated that, because of the difficulty in distinguishing true extraventricular CSF from the brain, due to artifacts produced by calvarial bone and inadequate contrast and resolution on CT images, only a few attempts have been made to measure extraventricular CSF volume in the cranium. The presence of such image artifacts is minimized when MR imaging is used because this method provides better contrast and resolution, and thus a more accurate measurement of the extraventricular CSF space.
Matsumae and colleagues 11 used MR imaging to measure the whole brain, from the vertex to the foramen magnum, in a small number of volunteers. All volunteers were sorted into three age groups: young (24-40 years), middle aged (41-60 years), and elderly (61-80 years), each age group covering two decades. These authors reported a mean total cranial CSF volume of 157 Ϯ 59 cm 3 in all volunteers: 167 Ϯ 67 cm 3 in men and 146 Ϯ 47 cm 3 in women; in each case this accounted for 11.4% of the intracranial volume. In both men and women, cranial CSF volume increased with age, a change that became more marked between the middle-aged and elderly groups than between the young and middle-aged groups.
Gado, et al., 5 did not provide actual volumes, but reported that cranial CSF volume was 11.4% of total ICVs, a value identical to that contained in the report by Matsumae and colleagues. Malko and associates 10 measured intracranial CSF volumes in 41 elderly healthy volunteers and calculated the ratios of these volumes to be 11.7% in men and 10.7% in women. In our study, we found that the percentage of intracranial CSF for a whole generation ranged from 6.02 to 14.2%, depending on age.
It is difficult to solicit a large number of healthy volunteers to undergo CT scanning because of the associated radiation hazard and the length of time required to undergo this examination. For this reason our study population consists of patients. Nevertheless, we believe that brain conditions in the group of 317 patients in whom CT findings were normal are similar to those of healthy volunteers. With respect to patients in the elderly group, some question does Magnetic resonance imaging was performed in some of these elderly patients during the same time period as the CT examination. Because this group was small, statistical analysis was unavailable. On some of these MR images minimal diffuse white matter lesions were demonstrated, indicating atherosclerotic changes in the brain parenchyma, such as leukoaraiosis, état criblé, and periventricular hyperintensity. 1 To date, however, it is controversial whether these diffuse white matter lesions contribute to pathological aging. 2, 7 In the present study, three disadvantages can be noted. 1) It was difficult to estimate hemorrhagic conditions such as subarachnoid hemorrhage, chronic subdural hematoma, and intraventricular hemorrhage, because the CT threshold was set between 25 and 75 HU. 2) Measurements can be obtained using computer analysis by tracing the outline of the inner table of the cranium and the outline of the brain parenchyma. The percentage of CSF was calculated on the basis of measurements of ICV and CPV, which were obtained from the area 11 or 12 slices above the orbitomeatal line to avoid an artifact of the orbit. Therefore, measurement of the entire ICV and brain parenchyma could not be obtained down to the level of the foramen magnum. 3) In patients in whom there is a craniotomy or burr holes, if the trace hits the site of the craniotomy or burr hole, a calculation error occurs. Even taking into account such disadvantages, we were able to accumulate reliable data constantly during a whole generation because we could trace ICVs and CPVs and calculate the percentage of the intracranial CSF space automatically within a short time at an outpatient clinic.
The standard curve of the intracranial percentage of CSF demonstrated that it increased with age, except for the first decade, and that it increased rapidly after the sixth decade, reflecting brain atrophy. The percentage of intracranial CSF decreased for a period from the first to second decades, possibly because ICV increases more rapidly 12 than the development of brain parenchyma 9 during the first 5 years of life. The age-related standard curve that demonstrates the proportion of intracranial CSF space based on quantitative data from CT scans can be used in clinical research into pathological aging that is accompanied by cerebrovascular disease, normal-pressure hydrocephalus, and dementia. Moreover, the standard curve can be used as a fundamental control for the study of environmental and occupational factors influencing brain atrophy.
Conclusions
The standard curve of the age-related normal percentage of intracranial CSF was obtained during a whole generation by measuring intracranial and intraparenchymal volumes.
The percentage of intracranial CSF increased with age, especially from the sixth decade onward. This standard curve will be useful to evaluate pathological conditions accompanied by aging, such as dementia, cerebrovascular disease, or normal-pressure hydrocephalus.
